57.6 mol%. Major fatty acids were iso-C 15 : 1 G, iso-C 15 : 0 , C 16 : 1 !5c, iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). The predominant respiratory quinone was MK-7, albeit minor amounts of MK-6 were also detected. The polar lipids comprised major amounts of phosphatidylethanolamine and minor amounts of two unidentified lipids, an unidentified phospholipid, an unidentified glycolipid and an unidentified aminoglycophospholipid. On the basis of the polyphasic characterization, strain AW305
T represents a novel species of the genus Flaviaesturariibacter for which the name Flaviaesturariibacter luteus sp. nov. is proposed, with the type strain AW305 T (=DSM 100282 T =LMG 29416 T ).
The genus Flaviaesturariibacter was recently proposed by Kang et al. [1] as a new taxon within the family Chitinophagaceae [2] . Its closest relatives are the genera Flavisolibacter [3] and Cnuella [4] . To date, the genus Flaviaesturariibacter comprises just the single species Flaviaesturariibacter amylovorans, whose type strain was isolated from estuarine water [1] .
During a study of soil bacterial communities in agricultural soils of African Savannah soils, strain AW305 T was isolated from a floodplain soil used for maize cultivation and located in Mashare, Kavango region, Namibia (17 53¢ 32.4 † S 20 11¢ 15.4 † E). The soil sample was obtained in 2012 and displayed a slightly acid pH (pH 6.6 and 6.2 measured in distilled water and in 2 mM CaCl 2 , respectively). Water content was 3.9 % (v/w) at the time of the collection. In order to simulate water-saturated conditions, the soil water content was increased to 20 % (v/w). Strain AW305 T was isolated after incubation at 25 C for 1 week. The isolation of bacterial strains was carried out using a high-throughput cultivation approach [5, 6] . Briefly, the soil sample was dispersed in 10 mM MES buffered at pH 6.0. Cultivation experiments were set up in sterile 96-well microtitre plates containing 180 µl SSE/HD 1 : 10 medium (=DSMZ medium 1426) [5] buffered at pH 6.0. Wells of the first row (8 wells) were inoculated with 20 µl of a 1 : 20 soil suspension, and serial dilutions (always 1 : 10) were prepared in the subsequent wells. After 6 weeks of incubation at 25 C in the dark, bacterial growth was detected by turbidity [7] . The highest positive dilutions were streaked on SSE/HD 1 : 10 medium solidified with purified agar [1.5 % (w/v)], and cultures were purified by subsequent restreaking. The taxonomic affiliation of all axenic cultures was investigated using partial 16S rRNA gene sequencing. Among the strains isolated, strain AW305
T was classified as a member of the genus Flaviaesturariibacter, with the closest relative Flaviaesturariibacter amylovorans GCR0105
T according to the EzTaxon-e database [8] . The taxonomic status of strain AW305 T was determined by a polyphasic approach following standard procedures. Unless otherwise stated, strain AW305
T was routinely grown aerobically at 25 C in SSE/HD 1 : 10 buffered at pH 7.0 with 10 mM HEPES for 6 days. In the present study, the reference strain Flaviaesturariibacter amylovorans NaCl for growth (%, w/v) anteiso-C 17 : 0 -- T .
Phenotypic characterization followed procedures outlined previously [5] [6] [7] . Cells of strain AW305 T stained Gram-negative, were coccoid to rod-shaped, 0.7-3.5 µm long and 0.7-1.0 µm wide, and did not form multicellular filaments (Fig.  S1 , available in the online Supplementary Material). The cells divided by binary fission and were immotile. Capsules and endospores were not observed after staining with India ink and malachite green, respectively. After 1 week of growth on solid SSE/HD 1 : 10 medium, small yellow colonies (~1 mm in diameter) appeared that were round, smooth, convex, shiny and slimy. Flexirubin-type pigments were not detected using a 20 % (w/v) KOH solution [9] .
Strain AW305
T was aerobic, chemo-organoheterotrophic and unable to reduce nitrate or ferment glucose. The phylogenetically most closely related strains did not produce acid from glucose, except 'Flavisolibacter swuensis' SR2-4-2, which showed a weakly positive response (Table 1) . Strain AW305
T showed a positive response in the catalase test and a negative response in the cytochrome c oxidase test. However, Flaviaesturariibacter amylovorans GCR0105
T displayed a positive response for both tests (Table 1) . Growth ranges and optima of temperature and pH were determined at oxic conditions in liquid SSE/HD 1 : 10 medium as described previously [7] . Depending on the pH, MES, HEPES, HEPPS or CHES (from Sigma-Aldrich or Applichem; 10 mM each) were used as buffers. Growth was determined by measuring the OD 660 . Optimal growth was defined as !75 % of the highest growth rate achieved. Strain AW305
T was able to grow between 15 and 40 C with a temperature optimum of [33] [34] [35] [36] [37] [38] [39] [40] C. It showed a wider temperature growth range than the other species of the genera Flaviaesturariibacter, Flavisolibacter and Cnuella and also exhibited the highest optimum temperature (Table 1) . Growth was observed between pH 5.3 and 8.3 and was optimal between pH 5.8 and 7.9. The phylogenetically closest relatives exhibited a comparable pH range for growth, except Cnuella takakiae RG1-1 T , which was able to grow at up to pH 10 ( Table 1) . The NaCl tolerance range of AW305 T was 0-0.25 % (w/v), and growth was optimal at 0 % (w/v). Flaviaesturariibacter amylovorans GCR0105 T could hydrolyse gelatin and tested negative for the fermentation of glucose, arginine dihydrolase test and urease activity ( Table 1) . Among exoenzymic activities, strain AW305
T showed a preference towards phosphate-containing compounds (alkaline and acid phosphatase and naphthol-AS-BI-phosphohydrolase), proteins (leucine, valine and cystine arylamidase, trypsin and achymotrypsin) and glycosides (a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase). These characteristics are similar to those of the genera Flaviaesturariibacter, Flavisolibacter and Cnuella. Strain AW305
T was found to be unable to use any carbon source provided in the API 20NE test, which might be either due to the high concentration of nutrients provided in these commercial kits or due to its actual inability to use the substrates provided. Similar observations were made for Flavisolibacter rigui 02SUJ3
T but not for other species like the species of the genera Flaviaesturariibacter, Flavisolibacter and Cnuella, which permits a phenotypic differentiation of these taxa by this test (Table 1) . Therefore, the use of individual carbon substrates by strain AW305
T was analysed in triplicate growth tests using SSE (pH 7.0) as the basal medium containing 10 mM HEPES and 1 ml of the trace element solution SL-10 and 1 ml of the vitamin solution per litre [5, 6] . The final concentration of each substrate was as described previously [7] . Substrates were scored as supporting growth when the final mean OD 660 exceeded the control value (without the addition of substrate) by 1.5 times. Out of 108 single carbon substrates tested, strain AW305 T grew on 13 substrates, including complex protein substrates like yeast extract, peptone and casamino acids, a few organic acids like acetate, formate, butyrate, b-hydroxybutyrate and g-hydroxybutyrate, and amino acids like tyrosine, phenylalanine and arginine. In addition, protocatechuate and laminarin were also assimilated. Representatives of the genera Flaviaesturariibacter, Flavisolibacter and Cnuella showed a stronger affinity for carbohydrates than did AW305 T .
The capacity of the novel strain to degrade complex polymers was assessed on solid basal SSE medium amended with 0.005 % (w/v) yeast extract and the respective substrates by staining with aqueous solutions [5] . Strain AW305 T hydrolysed starch and cellulose but it was unable to hydrolyse carboxymethyl cellulose, xylan, chitin, pectin, lignin or polygalacturonic acid. It also showed a negative response for laccase activity. Other related strains like Flaviaesturariibacter amylovorans GCR0105 T and 'Flavisolibacter swuensis' SR2-4-2 were also able to hydrolyse starch (Table 1 ).
*Summed features represent a set of more than one fatty acid that could not be resolved by GLC with the MIDI system: 1 comprised iso-C 15 : 1 H and/ or C 13 : 0 3-OH; 2 comprised C 12 : 0 aldehyde, C 14 : 0 3-OH and/or iso-C 16 : 1 ; 3 comprised C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 4 comprised iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; 6 comprised C 18 : 2 !6,9c and/or anteiso-C 18 : 0 ; 7 comprised C 18 : 1 !7c and/or C 18 : 1 !12t; 9 comprised C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c. †For some strains, summed feature 3 is reported as C 16 : 1 !7c and/or C 16 : 1 !6c.
‡Unknown equivalent chain-length (ECL).
Fatty acids were extracted, saponified and methylated according standard protocols. Individual fatty acid methyl esters were identified using the Microbial Identification System using the TSBA40 library (MIDI; [10] ). The fatty acid profile of strain AW305 T included straight-chain, methyland hydroxyl-branched saturated and monounsaturated fatty acids. Major fatty acids were iso-C 15 : 1 G (27.7 %), iso-C 15 : 0 (19.5 %), C 16 : 1 !5c (14.2 %), iso-C 17 : 0 3-OH (11.3 %) and C 16 : 1 !7c and/or iso-C 15 : 0 2-OH (10.8 %). A similar fatty acid profile was observed in Flaviaesturariibacter amylovorans DSM 103129 T , suggesting the affiliation of both strains to the same genus (Table 2 ). Both strains could be differentiated from other representatives of the genera Flavisolibacter and Cnuella based on the relative amounts of fatty acids C 16 : 1 !5c, iso-C 17 : 0 and iso-C 15 : 1 G.
The polar lipid composition of AW305
T was analysed by two-dimensional TLC [11, 12] . The polar lipid profile of this strain comprised major amounts of phosphatidylethanolamine and minor amounts of two unidentified lipids, an unidentified phospholipid, an unidentified glycolipid and an unidentified aminoglycophospholipid (Fig. S2) . This profile is comparable to that of Flaviaesturariibacter amylovorans GCR0105
T , which consisted of major amounts of phosphatidylethanolamine together with an unidentified aminophospholipid, four unidentified lipids and two
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Flaviaesturariibacter amylovorans GCR0105 T (JN607160)
Cnuella takakiae RG1-1 T (KC560021)
Flavisolibacter ginsengiterrae Gsoil 492 T (AB267476)
Flavisolibacter ginsengisoli Gsoil 643 T (AB267477)
Flavisolibacter rigui 02SUJ3 T (HQ436499)
Flavisolibacter ginsenosidimutans Gsoil 636 T (GQ339897)
'Flavisolibacter swuensis' SR2-4-2 (KJ461520)
Flavihumibacter petaseus T41 T (EU854577)
Flavihumibacter cheonanensis KACC 17467 T (KF309176)
Ferruginibacter alkalilentus HU1-GD23 T (FJ177530)
Ferruginibacter lapsinanis HU1-HG42 T (FJ177532)
Niabella aurantiaca R2A15-11 T (DQ457019)
Terrimonas arctica R9-86 T (KJ631121)
Terrimonas ferruginea DSM 30193 T (AM230484)
Niastella yeongjuensis GR20-13 T (DQ244076)
Niastella koreensis GR20-10 T (DQ244077)
Niastella populi THYL-44 T (EU877262)
Parasegetibacter luojiensis RHYL-37 T (EU877263)
Parasegetibacter terrae SGM2-10 T (KJ634465)
Flavitalea populi HY-50R T (HM130561)
Flavitalea gansuensis JCN-23 T (GU295962)
Segetibacter koreensis Gsoil 664 T (NR_041501) unidentified aminolipids [1] . The presence of phosphatidylethanolamine was also detected in other species of the genus Flavisolibacter and Cnuella [4, 13] .
Chitinophaga pinensis DSM 2588 T (CP001699)
Isoprenoid quinones were extracted from dried biomass with chloroform/methanol (2 : 1, v/v) [14] and analysed via HPLC [15] . The predominant respiratory menaquinone of strain AW305
T was MK-7, comparable to other species of the genera Flaviaesturariibacter [1] , Flavisolibacter [3, 13, 16] and Cnuella [4] . In addition, AW305
T also produced small amounts of MK-6.
The almost full-length 16S rRNA gene of strain AW305 T was amplified and sequenced following the methodology detailed by Pascual et al. [5, 6] . The sequence of strain AW305 T (LT158298) was 1493 nt in length. Additional 16S rRNA gene sequences used in this study were acquired from public databases [17, 18] and their accession numbers are provided with the phylogenetic trees (Figs 1 and S3) . According to the EzTaxon-e database [8] , strain AW305 T was identified as a member of the genus Flaviaesturariibacter with its closest relatives being Flaviaesturariibacter amylovorans GCR0105
T , Flavisolibacter ginsengiterrae Gsoil 492 T and Flavisolibacter ginsengisoli Gsoil 643 T sharing 97.0, 93.6 and 93.2 % 16S rRNA gene sequence similarity, respectively. Multiple sequence alignments were obtained using the SINA alignment tool from the ARB-SILVA website [19] . Nucleotide sequence alignments were inspected visually to identify positions of uncertain alignments to be corrected or omitted for further analysis. Phylogenetic analysis was performed using the program PAUP* version 4.0b10 [20] . Neighbour-joining (NJ; with Kimura's two-parameter evolutionary model), maximum-parsimony (MP; heuristic search option) and maximum-likelihood (ML) analyses were done. Since the lengths of the sequences used were uneven, analyses were performed by means of a pairwise deletion method for gaps and missing sites, using all available comparative data from each sequence pair [21] . For ML, the optimal evolutionary model of nucleotide substitution was estimated through the program jmodeltest2 [22] following the Akaike Information Criterion. Bootstrap analyses were performed using 1000 replications. The different phylogenetic trees obtained with the NJ, MP and ML algorithms are depicted in Figs 1 and S3 . The three phylogenetic trees confirmed the phylogenetic affiliation of strain AW305
T with the genus Flaviaesturariibacter, forming a monophyletic clade with Flaviaesturariibacter amylovorans GCR0105
T . Cnuella takakiae RG1-1 T showed an external position to the genus Flaviaesturariibacter. The genus Flavisolibacter is evolving as an independent lineage to Flaviaesturariibacter and Cnuella. All the arrangements were supported by high bootstrap values, confirming the robustness of this phylogenetic inference.
The molar G+C content of genomic DNA was analysed by HPLC according to the methods of Tamaoka and Komagata [23] and Mesbah et al. [24] . The G+C content of the genomic DNA of strain AW305
T was 57.6 mol%. This value was substantially higher than that of the type strain Flaviaesturariibacter amylovorans GCR0105 T (42.9 mol%), the type strain Cnuella takakiae RG1-1 T (49.1 mol%) and the five species of the genus Flavisolibacter (42.7-48.9 mol %). Although a genus may include strains with differences of up to 10 mol% DNA G+C [25] , our other phenotypic, chemotaxonomic and phylogenetic analyses support the classification of strain AW305
T into the genus Flaviaesturariibacter. The DNA molar G+C content of strain AW305 T is one of the highest documented for the family Flavobacteriaceae [26] and comparable to that of Robiginitalea biformata HTCC2501
T , which displays a DNA G+C content of 55.3 mol% [27, 28] .
Since the maximum 16S rRNA gene sequence similarity found between strain AW305
T and the type strain Flaviaesturariibacter amylovorans GCR0105 T (97.0 %) was very close to the threshold values typically used for differentiation of prokaryotic species (98.7 %, Kim et al. [29] ; 97.0 %, Stackebrandt and Goebel [30] , we conducted DNA-DNA hybridizations following the approach described elsewhere [31, 32] to confirm the status of strain AW305
T as a representative of a novel species of the genus Flaviaesturariibacter. DNA-DNA hybridization experiments were done in duplicate in 2x SSC (saline-sodium citrate) at 69 C. The resulting DNA-DNA hybridization values were 14.9 and 18.9 %, which are well below the accepted threshold value of 70 % for species delineation [33] . This result corroborates the conclusion that strain AW305
T represents a separate, and so far unique, genomospecies.
EMENDED DESCRIPTION OF THE GENUS FLAVIAESTURARIIBACTER KANG ET AL. 2015
The description is as given by Kang et al. [1] with the following amendments: the capacity to form multicellular filaments and the response to cytochrome c oxidase are variable characters. Cells are coccoid to rod-shaped. All members have a positive response for catalase activity. The DNA G+C content ranges from 42.9 to 57.6 mol%.
DESCRIPTION OF FLAVIAESTURARIIBACTER LUTEUS SP. NOV.
Flaviaesturariibacter luteus (lu¢te.us. L. masc. adj. luteus yellow, reflecting the colony colour).
Cells stain Gram-negative, are coccoid to rod-shaped, 0.7-1.0 µm wide and 0.7-3.5 µm long, are immotile and do not form spores or capsules. Cells divide by binary fission and do not form multicellular filaments. Aerobic chemo-organoheterotroph, unable to reduce nitrate or to ferment glucose. Oxidase negative and catalase positive. After 1 week of growth on solid SSE/HD 1 : 10 medium, colonies are small (~1 mm in diameter), round, smooth, convex, shiny, slimy and yellow in colour. Hydrolyses starch and cellulose but not carboxymethyl cellulose, xylan, chitin, pectin, lignin or polygalacturonic acid. Shows also a negative response for laccase activity. The most abundant fatty acids (>10 %) are iso-C 15 : 1 G, iso-C 15 : 0 , C 16 : 1 !5c, iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). The polar lipid profile comprises major amounts of phosphatidylethanolamine and minor amounts of two unidentified lipids, an unidentified phospholipid, an unidentified glycolipid and an unidentified aminoglycophospholipid. The predominant menaquinone is MK-7. Minor amounts of MK-6 are also detected.
The type strain is AW305 T (=DSM 100282 T =MG 29416 T ), isolated from an agricultural floodplain soil located in Mashare, Kavango region, Namibia (17 53¢ 32.4 † S 20 11¢ 15.4 † E) in 2012. The DNA G+C content of the type strain is 57.6 mol%. 
